Introduction: Intestinal helminth infections are a problem worldwide in children responsible for a majority of the morbidity associated with it. School going age children are also at special risk of being infected by these parasites.
InTROduCTIOn
Helminth infections are the most common chronic infections among the school going children of which a major contribution is made by the soil transmitted helminths. Infections due to soil transmitted helminths are most commonly caused by Ascaris lumbricoides, hookworm (Ancylostoma duodenale or Necator americanus and Trichuria trichuri [1] . In the tropical and sub-tropical countries, soil transmitted helminths are among the most common human infections [2, 3] .There are over one billion people in this world being affected by soil transmitted helminth's alone [4] particularly putting school age (5-15 years) children at risk [5, 3] . An estimated 3.5 billion people are affected with intestinal parasitic infections, of which 450 million belonging to the school going group are ill due to it [6] [7] [8] [9] . School going children along with pregnant women are among those in the high risk group [10] [11] [12] 6 ]. This in itself poses a huge question on the morbidity and complications associated with it in such children as this problem in mainly seen in economically challenged countries. In such communities, multiparasite infections are also common and there is evidence that individuals harbouring such infections may suffer exacerbated morbidity, of which children are even more vulnerable [13] . Hence, we planned this study to analyse the burden and types of intestinal helminths in school going children in comparison to the whole paediatric population.
MATeRIAlS And MeThOdS
This cross sectional study was conducted in a tertiary care institute serving as a teaching as well referral center in south India for a period of three years. The data from January 2012 to December 2014 were collected from the parasitology laboratory database and analysed.
Inclusion Criteria
All the stool samples and duodenal aspirates which were sent to the Department's parasitology laboratory were screened for the age group and included. All the patients particulars of the included paediatric group encompassing the school going children were collected from the medical record section. For the purpose of this study, school going children were defined as those groups of population belonging to the age group of 6 to 16 years and who were attending school or any form of education at that time [14, 2] . Also pre-school children' samples were also screened for comparison.
exclusion Criteria
All the stool samples and duodenal aspirates from adults and paediatric population whose age is more than 16 were not taken.
Sample Collection Method
All the stool samples sent by the clinicians for suspected intestinal helminth infections of children were screened and those of the school going children were taken. Fresh samples were sent in a wide mouthed screw capped container. Repeat samples were asked when the previous sample was positive or strongly suspected for intestinal helminths. All the demographic details were noted along with their clinical history as available.
The samples were processed within 20 minutes after arrival and microscopy done. Routine laboratory method consist of a saline and iodine wet mount of the stool sample to check for any egg/ova, larvae or presence of any adult worms in the stool or duodenal aspirate samples as per standard microbiology methods [15] [16] [17] . This was done both for concentrated and un-concentrated stool samples. Routinely, sedimentation technique of concentration method was done supplemented by Zinc sulphate floatation method whenever needed. Repeat samples were asked in those cases where the sample was positive for any of the above mentioned findings to monitor the treatment process or a test negative patient suspected to have intestinal helminth infection. If a child is strongly suspected to have helminth infections but repeated samples shows negative results, then culture of the sample was done for the suspected helminth. Eosinophilia was defined as elevated count of ≥ 0.1x10 9 eosinophils/L in the peripheral blood for all ages [18] .
All the findings including the type of helminth infected, frequency of isolation, the effect of treatment, relation to socio-economic state etc were analysed.
A total of 93 children and 128 samples inclusive of repeat samples were positive for a type of intestinal helminth either as single infection or as co-infection with another helminth or other parasitic infections by concentrated method. However, 24 .9% (81/325) of the children were test positive SGC among the total of 325 school going population enrolled. The remaining of 34 (26.7%) children was positive for other nonhelminth parasitic infections. Of the total enrolled children, 70 boys and 57 girls showed positive test for stool sample for a type of intestinal parasitic infections; but only 50 boys and 43 girls for intestinal helminth infection. Of these, 180 boys and 145 girls belong to the SGC age group in which 48 boys and 33 girls were positive for the confirmatory intestinal helminth test.
ReSulTS
A total of 500 children were screened for the study, of which 65% (325) of them belong to the school going age group. From these total children, 720 samples were collected including the repeat samples. In all, 127 children were positive for a type of intestinal infection by routine stool/aspirate microscopy which was confirmed by concentration method. A total of 93 children and 128 samples inclusive of repeat samples were positive for a type of intestinal helminth either as single infection or as co-infection with another helminth or other parasitic infections by concentrated method. However, 24.9% (81/325) of the children were test positive school going children and the remaining 34/127 (26.7%) children were positive for other non-helminth parasitic infections. Of the total enrolled children, 70 boys and 57 girls showed positive test for stool sample for a type of intestinal parasitic infections; but only 50 boys and 43 girls for intestinal helminth infection. Of these, 180 boys and 145 girls belong to the school going children age group in which 48 boys and 33 girls were positive for the confirmatory intestinal helminth test. The prevalence of overall infection peaked in the age group of 11-16 years (56.6%, 72) followed by the age group of 6-10 years (36.2%, 46) and age group of 0-5 years (7%, 9) but the reverse was seen in case of intestinal helminth infection with maximum prevalence among the 6-10 years age group (54.8%, 51), followed by 11-16 years group (25.8%, 24) and 0 -5 years group (19.3%,18) . Demographic details of the School going children versus Pre-school children are shown in [Table/ Fig-1 ].
Maximum positivity was of hookworm (51, 40.1%), followed by Strongyloides stercoralis (46, 36.2%), A. lumbricoides (21, 16 .5%) and Enterobius vermicularis (9, 7%) in decreasing order of frequency among the school going children. The details and differences in the rate of positivity among various intestinal parasitic helminths are shown in [Table/ Fig-2 ]. Single species of helminth infection was seen in 70.8% (90/127) of the infected children in contrast to 2.3% (3/127) children having multiple types of parasitic helminth infections.
It was seen that maximum of the patients were from the outpatient department (83.8%, 419) compared to the inpatient department (16.2%, 81) indicating that most of the infection are either asymptomatic or the patient is ambulatory. The various clinical complaints presented by the patients include loose motion (44%), unexplained weight loss (21.2%), anaemia under evaluation (17.3%), pain abdomen (8.6%), intestinal obstruction (5.5%), immunocompromised state where the patient was found to be human immunodeficiency virus (HIV) positive or on steroids for some medical condition (3.1%). Patients with the protozoal (68%)/coccidian infections (92%) or co-infections with the intestinal parasitic helminth (45%) mostly present with loose motion and pain abdomen whereas those with complaints of anaemia or intestinal obstruction most showed infection with either hookworm (Ancylostoma duodenale or Necator americanus, 86%) or A. lumbricoides (52%). Silent infection or hyperinfection was seen in the immunocompromised children. One patient on steroid showed silent infection with A. lumbricoides with Giardia lamblia co-infection whereas, 3 children who were HIV positive showed silent but hyperinfection with S. stercoralis. Elevated eosinophil count was seen in 71%
[Table/ Fig-1 ]: Demographic profile of the school going children versus pre-school children.
[ of children who were S. stercoralis positive and in 65% of those who were hookworm positive. It may hence be used as predictor for infection by these intestinal helminths. The treatment response of the parasitic infection either in the form of complete disappearance or decreased count of eggs or larva depends on the initial load of infection. This was supported by the fact that S. stercoralis larva or hookworm (A. duodenale or N. americanus) eggs were more in the first sample but the repeat sample taken one week later showed a decreased load after starting of treatment. Hookworm eggs were also observed in all stages of maturity.
The study showed that using multiple laboratory methods to examine the stool/duodenal aspirate samples increases the rate of positivity which otherwise would have gone undetected [Table/ Fig-2 ]. Our study showed that infections with other intestinal helminths were increasing compared to the soil transmitted helminths in the annual distribution pattern and hence its burden. The details are shown in [Table/ Fig-3 ].
Ivermectin at a dosage of 200 µg/kg/day orally for 2 days followed by a repeat dose at 14 days in children above 2 years but a dose of 200 mg/day orally for 3 days was given in children less than 2 years to treat uncomplicated S. stercoralis infection with albendazole as alternative. Post treatment stool sample was done to guide the efficacy of the treatment. It was seen that response to ivermectin was better than albendazole. For treatment of hookworm infections, albendazole (400mg) orally once is the treatment of choice in all the age groups, with mebendazole (100mg) twice daily orally for 3 days as an alternative. A repeat dose was usually given to achieve complete and high cure rate. Similarly, albendazole (400mg orally, single dose) was also used to treat ascariasis which serves the dual purpose of treating co-infection of hookworm infection with A. lumbricoides infection with a single drug. Same drug at a dose of 400 mg orally as single dose was used to treat E. vermicularis with a repeat dose after two weeks.
The remaining 34 children who tested positive for nonhelminth infections (a total of 25 were positive for non helminths infections among SGC and the remaining was seen in PSC) showed infections ranging from Entamoeba histolytica (trophozoites/cysts, n = 20), Blastocystis hominis (vacuolar form/cysts, n = 6), Giardia lamblia (trophozoites/ cysts, n = 3), Balantidium coli (trophozoites, n = 1), or the coccidian opportunistic parasites. The coccidian parasites which were frequently isolated were Cystoisospora belli (oocysts, n = 6) and Cryptosporidium parvum (oocysts, n = 2) especially in those children who were HIV positive or were immunocompromised due to other conditions. The most common co-infection was with E. histolytica (n = 2), followed by B. hominis (n = 2). E. histolytica was also seen as the most common co-infection with an intestinal helminth followed by Giardia sp. All these non-helminth intestinal parasitic infections either occurred as isolated infection (n = 32) or as co-infections (n = 2).
Among the 127 children who tested positive for an intestinal infection, 110 (86.6%) belong to the lower socio-economic strata where the children's parents were mostly manual laborers, farmers, daily wagers etc. Simultaneous testing of the parents also showed that one of the parents was infected with an intestinal helminth in 68% (63/93) of the intestinal helminth positive children whereas both the parents were infected with intestinal helminth in 12% (11/93) cases.
dISCuSSIOn
The clinical significance of the study is that routine screening of stool samples should be done as silent infections are common. Also, multiple samples and diagnostic methods should be used to catch the missed out cases which will help in timely diagnosis and treatment and hence, decrease its burden and morbidity. The type of intestinal helminth burden is different from other parts of the world and also other parts of the country which will enable us to plan the treatment and preventive methods differently.
Our study showed that rate of other intestinal parasitic infections was more compared to the soil transmitted helminths in the children which was in contrast to the finding of other study [19, 20] . Hookworm (A. duodenale and N. americanus) was responsible for maximum infections in all the children irrespective of the age group at the beginning of the study but it was slowly exceeded by S. stercoralis by the end of the study as shown in [Table/ Fig-3 ]. This was in contrast to other studies where most common cause of infection were A. lumbricoides, [19] or Ascaris sp. and hookworm was highest in school going children, [20, 2] or E. vermicularis (18%), [1] or Hymenolypis nana (5.6%) [20] in children. A total of 72% were asymptomatic and had come to the hospital for other causes thereby indicating the silent burden of intestinal helminths in children of south India. There were also coinfections of helminthiasis and intestinal protozoa. The most common co-infection was with E. histolytica (n=2), followed by B. hominis (n = 2). E. histolytica was also seen as the most common co-infection with an intestinal helminth followed by Giardia species in another study [21] . E. histolytica (n=20) was also maximally isolated even without an intestinal parasitic helminth too in our study, similar to another study [19] . However, the most common coccidian parasite seen in our study was C. belli (n=6) followed by C. parvum in the co-infections with intestinal helminths and seen mostly in immunocompromised patients.
Age-specific prevalence data show a relationship between age and prevalence of parasites. In our study, the prevalence of infection peaked in the age group of 11-16 years (56.6%, 72) followed by the age group of 6-10 years (36.2%, 46) and age group of 0-5 years (7%, 9) but the reverse was seen in case of intestinal helminth infection with maximum prevalence among the 6-10 years age group (54.8%, 51), followed by 11-16 years group (25.8%, 24) and 0-5 years group (19.3%,18) . It was in contrast to the findings in another study where the maximum prevalence of 84.91%, was seen in the 11-15 age group followed by 81.70% in the 6-10 age group, and 50.54% in the 1-5yr age group [22, 19] . There was no significant difference in the risk involved in the gender; though the infection was more in male (n=266) compared to female children (n=234). This finding was supported by other studies [23, 19] .
Post treatment stool sampling can guide the efficacy of the treatment and our study also showed that 31 repeat samples were positive after the first positive sample. Muller et al., also showed a similar observation [24] . Hence, repeat sampling was very much essential for guiding the treatment efficacy which otherwise would have gone as incomplete cure and would have added to the helminth burden of the children population. Not only this, multiple sampling also increases the rate of positivity. In our study, four samples came positive only in repeat samples but were negative in the first sample. Hence, multiple samples must be recommended in children especially in high risk children or immunocompromised children. Silent infections were very common in such children which may pose a risk of serious complications later on. This was highlighted by the hyperinfection of S. stercoralis in immunocompromised patients.
The current study showed that soil transmitted helminth infections were slowly decreasing compared to other types of parasitic intestinal helminths. A study by Macchioni et al., supported this finding [20] . This might be due to the preventive chemotherapy like mass deworming of school going children. Also, intensified health education and improved sanitation should be done to control protozoan infections which were seen in high rate in these children.
lIMITATIOnS
Being a retrospective study, more details regarding the clinical details cannot be obtained and long term follow-up was also not possible. Here, only one week follow up which is usually followed as a part of the hospital protocol was noted as it was recorded in the case sheets and hospital informatics database. Also, more details on the familiar infections could not be taken in detail. Some of the school going children sample had to be removed from analysis as there were no repeat samples.
COnCluSIOn
Intestinal parasitic helminths are very much prevalent in children especially in school going children; though the rate of infection by soil transmitted helminths are slowly decreasing.
Proper diagnosis and prevention is the need of the hour.
